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(57) ABSTRACT

Packaging devices, methods of manufacture thereof, and
packaging methods are disclosed. In some embodiments, a
packaging device includes a first substrate including a post
passivation interconnect (PPI) structure including a PPI pad
disposed thereon, and a second substrate including a contact
pad disposed thereon. A conductive bump is coupled between
the PPI pad and the contact pad. A molding material is dis-
posed over portions of the PPI structure proximate the con-
ductive bump. A top surface of the molding material contacts
the conductive bump at a height of the conductive bump
having a width C, and the contact pad has a width B. A ratio
R of C:B comprises about 1.0 or greater.
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172~ FORMAPPI STRUCTURE INCLUDING
A PPI PAD OVER A FIRST SUBSTRATE
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176~ FORM A MOLDING MATERIAL OVER
PORTIONS OF THE PPI STRUCTURE

A A

COUPLE A CONDUCTIVE BUMP
BETWEEN THE PPI PAD AND A CONTACT
PAD ON A SECOND SUBSTRATE, THE
CONTACT PAD COMPRISING A WIDTH B,
WHEREIN A TOP SURFACE OF THE

178-"]  MOLDING MATERIAL CONTACTS THE
CONDUCTIVE BUMP AT A HEIGHT OF THE
CONDUCTIVE BUMP COMPRISING A
WIDTH C, AND WHEREIN A RATIO R OF C:B
COMPRISES ABOUT 1.0 OR GREATER

FIG. 5
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PACKAGING DEVICES, METHODS OF
MANUFACTURE THEREOEF, AND
PACKAGING METHODS

REFERENCE TO RELATED APPLICATIONS

This application relates to the following co-pending and
commonly assigned patent applications: Ser. No. 13/349,405,
filed Jan. 12, 2012, entitled “Package on Package Intercon-
nect Structure;” Ser. No. 13/751,289, filed Jan. 28, 2013,
entitled “System and Method for an Improved Fine Pitch
Joint;” Ser. No. 13/838,748, filed Mar. 15, 2013, entitled
“Interconnect Structures and Methods of Forming Same;”
Ser. No. 13/868,554, filed Apr. 23, 2013, entitled “Apparatus
and Method for Wafer Separation;” Ser. No. 13/913,599, filed
Jun. 10, 2013, entitled “Interconnect Joint Protective Layer
Apparatus and Method;” Ser. No. 13/914,426, filed Jun. 10,
2013, entitled “Interconnect Structures and Methods of
Forming Same” and Ser. No. 13/939,966, filed Jul. 11, 2013,
entitled “Apparatus and Method for Package Reinforcement.”

This application claims the benefit of U.S. Provisional
Application No. 61/777,709, filed on Mar. 12, 2013, and
entitled “Packaging Devices, Methods of Manufacture
Thereof, and Packaging Device Design Methods,” which
application is incorporated herein by reference.

BACKGROUND

Semiconductor devices are used in a variety of electronic
applications, such as personal computers, cell phones, digital
cameras, and other electronic equipment, as examples. Semi-
conductor devices are typically fabricated by sequentially
depositing insulating or dielectric layers, conductive layers,
and semiconductive layers of material over a semiconductor
substrate, and patterning the various material layers using
lithography to form circuit components and elements
thereon. Dozens or hundreds of integrated circuits are typi-
cally manufactured on a single semiconductor wafer. The
individual dies are singulated by sawing the integrated cir-
cuits along a scribe line. The individual dies are then pack-
aged separately, in multi-chip modules, or in other types of
packaging, for example.

The semiconductor industry continues to improve the inte-
gration density of various electronic components (e.g., tran-
sistors, diodes, resistors, capacitors, etc.) by continual reduc-
tions in minimum feature size, which allow more components
to be integrated into a given area. These smaller electronic
components such as integrated circuit dies also require
smaller packages that utilize less area than packages of the
past, in some applications.

One type of smaller packages for semiconductor devices
that has been developed are wafer level packages (WLPs), in
which integrated circuits are packaged in packages that typi-
cally include a redistribution layer (RDL) or post passivation
interconnect (PPI) that is used to fan-out wiring for contact
pads of the package so that electrical contacts can be made on
a larger pitch than contact pads of the integrated circuit.
WLPs are often used to package integrated circuits (ICs)
demanding high speed, high density, and greater pin count, as
examples.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure, and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accom-
panying drawings, in which:

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 1 is a cross-sectional view illustrating a portion of a
packaging device in accordance with some embodiments of
the present disclosure;

FIG. 2 is a cross-sectional view illustrating a portion of a
packaging device in accordance with other embodiments of
the present disclosure;

FIG. 3 is a cross-sectional view illustrating a portion of a
packaging device in accordance with yet other embodiments
of the present disclosure;

FIG. 4 is a cross-sectional view of a packaging device
including the portions of the packaging devices shown in
FIGS. 1,2, and 3 in accordance with some embodiments; and

FIG. 5 is a flow chart illustrating a method of manufactur-
ing a packaging device in accordance with some embodi-
ments.

Corresponding numerals and symbols in the different fig-
ures generally refer to corresponding parts unless otherwise
indicated. The figures are drawn to clearly illustrate the rel-
evant aspects of the embodiments and are not necessarily
drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of some of the embodiments of the
present disclosure are discussed in detail below. It should be
appreciated, however, that the present disclosure provides
many applicable inventive concepts that can be embodied in a
wide variety of specific contexts. The specific embodiments
discussed are merely illustrative of specific ways to make and
use the disclosure, and do not limit the scope of the disclosure.

Some embodiments of the present disclosure are related to
packaging devices, methods of manufacture thereof, and
design methods for packaging devices for semiconductor
devices. Novel packaging devices will be described herein
that have an optimized amount of molding thickness and
optimized contact pad widths that reduce stress and strain on
conductive bumps of the packaging devices, resulting in
packages with improved reliability.

FIG.1isa cross-sectional view illustrating a portion 130 of
apackaging device in accordance with some embodiments of
the present disclosure. The packaging device comprises a
WLP 100 in some embodiments. The packaging device
includes a first substrate 102 and a second substrate 126
coupled to the first substrate 102 by a conductive bump 120.
Only one conductive bump 120 is shown; however, in some
embodiments, the packaging device includes a plurality of the
conductive bumps 120 (see F1G. 4). A width B of contact pads
128 disposed on the second substrate 126 and a thickness h of
a molding material 124 disposed on the first substrate 102 are
optimized in accordance with some embodiments of the
present disclosure, in order to reduce stress on the conductive
bump 120 and other portions of the packaging device, to be
described further herein.

To manufacture the packaging device, the first substrate
102 is provided. The first substrate 102 may comprise silicon,
other types of bulk semiconductor material, or other materi-
als, as examples. The first substrate 102 may include one or
more integrated circuits formed thereon, not shown. The first
substrate 102 comprises a plurality of integrated circuit
regions in some embodiments, for example. The integrated
circuit regions may contain active and passive devices, con-
ductive layers, and dielectric layers according to the electrical
design of the integrated circuits, as examples.

A plurality of packaging devices is formed across the sur-
face of the first substrate 102 in accordance with some
embodiments. The packaging devices are formed over the
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first substrate 102 when the first substrate 102 is in a wafer
form, for example. The packaging devices are later singulated
to form individual packaging devices, e.g., before or after the
packaging devices are used to package integrated circuit dies.

A conductive layer is formed over the first substrate 102 as
a contact pad 104 using a patterning and deposition process
over the first substrate 102. The contact pad 104 may com-
prise aluminum (Al), copper (Cu), tin (Sn), nickel (Ni), gold
(Au), silver (Ag), other electrically conductive materials, or
multiple layers or combinations thereof, as examples. The
contact pad 104 may be formed using an electrolytic plating
or electro-less plating process, for example. A plurality of the
contact pads 104 (not shown) are formed over the surface of
the first substrate 102, and the contact pads 104 may be of the
same size or of different sizes.

A passivation layer 106 may be formed over the surface of
the first substrate 102 and over the top surface of the contact
pad 104 and first substrate 102 for structural support and
physical isolation. The passivation layer 106 comprises sili-
con nitride (SiN), silicon dioxide (SiO,), silicon oxynitride
(SiON), polyimide (PI), benzocyclobutene (BCB), polyben-
zoxazole (PBO), other insulating materials, or combinations
or multiple layers thereof, as examples. An opening in the
passivation layer 106 may be made by removing a portion of
passivation layer 106 using a mask-defined photoresist etch-
ing process to expose a portion of the contact pad 104, while
leaving another portion of the contact pad 104 covered.

A polymer layer 108 may be formed on the passivation
layer 106, following the contour of the passivation layer 106
and filling a part of the opening of the passivation layer 106
over the contact pad 104. The polymer layer 108 may not
completely fill the opening of the passivation layer 106 over
the contact pad 104; rather, it may be patterned to form an
opening to expose a portion of the contact pad 104, while
covering other portions of the contact pad 104. The patterning
of'the polymer layer 108 may include photolithography tech-
niques. The polymer layer 108 may be formed of a polymer,
such as an epoxy, polyimide, benzocyclobutene (BCB), poly-
benzoxazole (PBO), and the like, although other relatively
soft, often organic, dielectric materials may also be used. Spin
coating or other commonly used formation methods may be
used to apply the polymer layer 108. The thickness of the
polymer layer 108 may be between about 5 um and about 30
um, for example. Alternatively, the polymer layer 108 may
comprise other dimensions.

A conductive material such as a metal is used to form
interconnect wiring 110 over the polymer layer 108, follow-
ing the contour of the polymer layer 108. The interconnect
wiring 110 comprises a post-passivation interconnect (PPI)
structure in some embodiments. The PPI structure 110
includes a PPI line 112 and a PPI pad 114 which are disposed
over the polymer layer 108. The PPIline 112 and PPI pad 114
may have a thickness of less than about 30 pm, and may
comprise a thickness of about 2 um to about 10 um in some
embodiments, as examples. The PPI line 112 and PPI pad 114
may comprise a metal such as Ti, Al, Ni, nickel vanadium
(NiV), Cu, or combinations or multiple layers thereof, as
examples. The PPI line 112 and PPI pad 114 may be formed
using electrolytic plating, electro-less plating, sputtering,
chemical vapor deposition (CVD) methods, and/or photoli-
thography processes, for example. The PPI line 112 and PPI
pad 114 may comprise a single layer or multiple layers using
an adhesion layer of Ti, TiW, Cr, or other materials, for
example. Alternatively, the PPI line 112 and PPI pad 114 may
comprise other materials and dimensions, and may be formed
using other methods. The first substrate 102 is connected to a
number of PPI lines 112 and PPI pads 114 to form a PPI
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structure 110 comprising a network (not shown) of PPI lines
112 and PPI pads 114, which may electrically connect to the
contact pads 104 of the first substrate 102, for example.

In some embodiments, a blanket coating of conductive
material may be formed over the polymer layer 108 and the
exposed portion of the contact pad 104, and the conductive
material is patterned using lithography, e.g., by forming a
layer of photoresist (not shown) over the conductive material,
patterning the photoresist, and using the photoresist as an etch
mask during an etch process for the conductive material,
forming the conductive material into the desired patterns and
shapes of the PPI lines 112 and PPI pads 114. The layer of
photoresist is then removed. In other embodiments, a seed
layer (also not shown) is formed over the polymer layer 108
and exposed portion of the contact pad 104, and a layer of
photoresist is formed over the seed layer. The photoresist is
patterned with the desired patterns and shapes of the PPI lines
112 and PPI pads 114. The conductive material is then plated
onto the seed layer through the patterns in the photoresist. The
photoresist is removed, and the seed layer is removed from
over the polymer layer 108. Alternatively, other methods may
be used to form the PPI lines 112 and PPI pads 114. In some
embodiments, the PPI lines 112 and PPI pads 114 are simul-
taneously formed and are integral to one another; e.g., the PPI
lines 112 and PPI pads 114 are formed from a single piece of
conductive material.

Only one PPI line 112 and PPI pad 114 are shown in the
drawings; however, a plurality of PPI lines 112 and PPI pads
114 are formed across a surface of the packaging device and
are used for making electrical connections to a plurality of
contact pads 104 disposed over the first substrate 102. The
PPI lines 112 and PPI pads 114 comprise a redistribution
layer (RDL), post-passivation interconnect structure 110, or
other interconnect routing structure of the packaging device
in some embodiments, for example.

The PPI line 112 is a conductive line that extends over the
underlying contact pad 104. The PPI line 112 fills an opening
in the polymer layer 108 and the passivation layer 106 and
forms an electrical connection with the contact pad 104. The
PPIline 112 contacts the PPI pad 114. The PPI line 112 may
have a narrow, wide, or tapered shape. The PPI line 112 may
comprise a substantially constant thickness and width. The
PPI line 112 terminates at the PPI pad 114; therefore, the
bodies of the PPI line 112 and the PPI pad 114 may be formed
as one piece.

A solder flux (not shown) may be applied to the PPI line
112 and PPI pad 114 in some embodiments to assist in the
flow of the solder, such that a subsequently formed conduc-
tive bump 120 makes good physical and electrical contact
with the PPI pad 114. The flux may be applied by brushing,
spraying, a stencil, or other methods, as examples. The flux
generally has an acidic component that removes oxide barri-
ers from the solder surfaces, and an adhesive quality that
helps to prevent an integrated circuit or other device from
moving on the first substrate 102 surface during the packag-
ing process using the packaging device.

A conductive bump 120 is formed over the PPI pad 114.
The PPI pad 114 is used to connect to the conductive bump
120, forming a connection between the contact pad 104 to the
conductive bump 120 by way of the PPI line 112 and the PPI
pad 114. The conductive bump 120 may have a larger diam-
eter or width C than the diameter or width of the PPI pad 114.

The conductive bump 120 comprises a eutectic material
and may comprise a solder bump or a solder ball in some
embodiments, as examples. The use of the word “solder”
herein includes both lead-based and lead-free solders, such as
Pb—Sn compositions for lead-based solder; lead-free solders
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including InSh; tin, silver, and copper (“SAC”) compositions;
and other eutectic materials that have a common melting
point and form conductive solder connections in electrical
applications. For lead-free solder, SAC solders of varying
compositions may be used, such as SAC 105 (Sn 98.5%, Ag
1.0%, Cu 0.5%), SAC 305, and SAC 405, as examples. Lead-
free conductive bumps 120 such as solder balls may be
formed from SnCu compounds as well, without the use of
silver (Ag). Alternatively, lead-free solder connectors may
include tin and silver, Sn—Ag, without the use of copper. The
conductive bump 120 may be one among an array of the
conductive bumps 120 formed as a grid, often referred to as a
ball grid array (BGA). The conductive bumps 120 may alter-
natively be arranged in other shapes and configurations. The
conductive bumps 120 may comprise spherical conductive
connectors and may also comprise non-spherical conductive
connectors, for example.

Referring again to FIG. 1, the conductive bump 120 is
attached in some embodiments using a solder ball drop pro-
cess. The conductive bump 120 is mounted onto the PPI pad
114, and the eutectic material of the conductive bump 120 is
re-flowed to attach the conductive bump 120 to the PPI pad
114.

A molding material 124 is formed over the PPI line 112,
PPI pad 114, conductive bump 120, and exposed portions of
the polymer layer 108 in some embodiments. The molding
material 124 comprises a molding compound and may com-
prise epoxy, an organic polymer, or a polymer with a silica-
based filler added, as examples. In some embodiments, the
molding material 124 comprises a liquid molding compound
(LMC) that is a gel-type liquid when applied. Alternatively,
the molding material 124 may comprise other insulating
materials. The molding material 124 extends over a top sur-
face of the conductive bump 120 after applying the molding
material 124 in some embodiments, and a top portion of the
molding material 124 is then recessed so that a top portion of
the conductive bump 120 is exposed. After the molding mate-
rial 124 is applied, the molding material 124 is cured. In some
embodiments, the molding material 124 shrinks during the
curing process, which partially recesses the molding material
124. Additional molding material 124 is removed in some
embodiments using a plasma treatment process or other type
of process, to remove the molding material 124 from the
conductive bump 120 to expose the conductive bump 120, for
example. In other embodiments, the molding material 124
after curing does not require an additional processing step to
recess the molding material 124, as another example.

Due to a meniscus effect in some embodiments, the mold-
ing material 124 is thicker proximate the conductive bump
120, as illustrated in FIG. 1. In other embodiments, the mold-
ing material 124 comprises substantially the same thickness h
across the surface of the substrate 102, not shown in the
drawings.

In some embodiments, the molding material 124 is formed
over the PPI line 112, PPI pad 114, and exposed portions of
the polymer layer 108 before the conductive bump 120 is
coupled to the PPI pad 114. The molding material 124 is then
cured, and openings are formed in the molding material 124
to expose at least portions of the PPI pad 114. The openings
can be formed in the molding material 124 using a drilling
process, such as a laser drilling process, by a photolithogra-
phy process, or a direct patterning process of the molding
material 124, as examples. Alternatively, the molding mate-
rial 124 may be patterned using other methods to form the
opening over the PPI pad 114. The conductive bump 120 is
then coupled to the PPI pad 114 through the opening in the
molding material 124.
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A second substrate 126 is also provided. The second sub-
strate 126 comprises a printed circuit board (PCB) in some
embodiments. Alternatively, the second substrate 126 may
comprise other types of substrates. The second substrate 126
includes a plurality of contact pads 128 coupled thereto or
formed thereon, as shown in FIG. 1. The contact pads 128
may comprise Cu, Cu alloys, other metals, or multiple layers
or combinations thereof, as examples. Alternatively, the con-
tact pads 128 may comprise other materials. Each contact pad
128 comprises a width comprising dimension B.

A top surface of the molding material 124 contacts the
conductive bump 120 at a height of the conductive bump 120
having a diameter or width comprising dimension C. Dimen-
sion C comprises a confined bump 120 diameter or width; for
example, dimension C comprises a diameter or width of an
upper-most portion of the conductive bump 120 that is con-
fined by the molding material 124. In some embodiments,
dimension C comprises a width of the conductive bump 120,
e.g., in embodiments wherein the conductive bump 120 com-
prises a non-spherical connector.

The first substrate 102 is attached to the second substrate
126, as shown in FIG. 1. Each conductive bump 120 on the
first substrate 102 is attached to one of the contact pads 128 on
the second substrate 126. A ratio R of C:B comprises about
1.0 or greater in some embodiments.

In some embodiments, the conductive bump 120 com-
prises a shape of a partial conductive ball that is flat on a side
coupled to the PPI pad 114 and substantially spherical on
other surfaces, before attaching the conductive bump 120 to
one of the contact pads 128 on the second substrate 126. After
attaching the conductive bump 120 to one of the contact pads
128, the conductive bump 120 comprises two flat sides, one
coupled to the PPI pad 114 and the other coupled to the
contact pad 128, as illustrated in FIG. 1. The other surfaces of
the conductive bump 120 (e.g., the sides of the conductive
bump 120) may be substantially spherical or curved in some
embodiments, as shown in FIG. 1. Alternatively, the other
surfaces of the conductive bump 120 may be barrel-shaped,
substantially straight, or may comprise other shapes, inaccor-
dance with some embodiments of the present disclosure.

The amount of molding material 124 (e.g., the thickness h
of the molding material 124) is controlled or adjusted to
achieve the ratio R of C:B comprising about 1.0 or greater, in
some embodiments. In other embodiments, the width B ofthe
contact pad 128 on the second substrate 126 is controlled or
adjusted to achieve the ratio R of C:B comprising about 1.0 or
greater. In some embodiments, the width B of the contact pad
128 on the second substrate 126 is chosen or selected to
achieve the ratio R of C:B comprising about 1.0 or greater. In
some embodiments, both the thickness h of the molding mate-
rial 124 is controlled or adjusted, and also the width B of the
contact pad 128 is chosen or selected, that achieves the ratio
R of C:B comprising about 1.0 or greater, for example.

The contact pad 128 on the second substrate 126 comprises
a width B of about 150 um to about 300 pm in some embodi-
ments. The diameter or width C of the conductive bump 120
comprises about 150 um to about 300 um in some embodi-
ments. Alternatively, the width B of the contact pad 128 and
the diameter or width C of the conductive bump 120 may
comprise other dimensions or other relative dimensions.

The thickness h of the molding material 124 comprises
about 50 um to about 250 pm in some embodiments. A stand-
off height H of the conductive bump 120 between the contact
pad 128 on the second substrate 126 and the PPI pad 114 on
the first substrate 102 comprises about 150 um to about 250
um in some embodiments. The thickness h of the molding
material 124 is equal to about (V2*H) in the embodiments
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shown in FIG. 1, for example. In some embodiments, the
diameter or width C of the conductive bump 120 comprises a
maximum diameter or width C,, . of the conductive bump
120, as illustrated in FIG. 1. In these embodiments, the ratio
R of C:B may be about 1.3 or greater, for example.

In some embodiments, the thickness h of the molding
material 124 is less than or greater than about (V2*H). In other
embodiments, the molding material 124 thickness h ranges
from about (¥4*H) to about (34*H), as another example. In
other embodiments, the molding material 124 thickness h is
greater than about (35*H) or less than about (14*H).

For example, FIG. 2 is a cross-sectional view illustrating a
portion 130 of a packaging device in accordance with some
embodiments of the present disclosure, wherein the molding
material 124 comprises a thickness h that is less than about
(¥2*H). A top surface of the molding material 124 contacts the
conductive bump 120 at a height of the conductive bump 120
having a diameter or width comprising dimension C, wherein
dimension C is less than the maximum diameter or width
C,,... of the conductive bump 120. In some embodiments, a
width B of the contact pad 128 on the second substrate 126
can be selected to achieve a ratio of C:B of greater than or
equal to 1.0, based on the thickness h of the molding material
124 that creates the confined bump diameter or width C of the
conductive bump 120. The molding material 124 may com-
prise a thickness h of about (3*H) to less than about (2*H)
in some embodiments. Alternatively, the molding material
124 may comprise a thickness h of less than about (V4*H), in
other embodiments.

FIG. 3 is across-sectional view illustrating a portion 130 of
a packaging device in accordance with yet other embodi-
ments of the present disclosure, wherein the molding material
124 comprises a thickness that is greater than about (*2*H). A
top surface of the molding material 124 contacts the conduc-
tive bump 120 at a height of the conductive bump 120 com-
prising a diameter or width comprising dimension C, wherein
dimension C is less than the maximum diameter or width
C,,. of the conductive bump 120. In some embodiments, a
width B of the contact pad 128 on the second substrate 126
can be selected to achieve a ratio of C:B of greater than or
equal to 1.0, based on the thickness h of the molding material
124 that creates the confined bump diameter or width C of the
conductive bump 120. The molding material 124 may com-
prise a thickness h of greater than about (2*H) to about
(35*H) in some embodiments. Alternatively, the molding
material 124 may comprise a thickness h of greater than about
(35*H), in other embodiments.

FIG. 4 is a cross-sectional view of a packaging device
including the portions 130 of the packaging devices shown in
FIGS. 1, 2, and 3 in accordance with some embodiments.
FIG. 4 illustrates the implementation of the portions 130 of
the packaging devices shown in FIGS. 1, 2, and 3 in a com-
pleted packaged semiconductor device 160. The portions of
the packaging devices shown in FIGS. 1, 2, and 3 are inverted
with respect to the view shown in FIG. 4.

The PPI structure 110 (not shown in FIG. 4; see FIG. 1, 2,
or 3) disposed over the first substrate 102 comprises a PPI
structure comprising a plurality of the PPI pads, and the
second substrate 126 includes a plurality of the contact pads
128 (also not shown in FIG. 4; see FIG. 1, 2, or 3). A plurality
of the conductive bumps 120 is coupled between the first
substrate 102 and the second substrate 126, as shown in FIG.
4. Only seven conductive bumps 120 are shown in FIG. 4;
however, in some embodiments, dozens or hundreds of con-
ductive bumps 120 may be coupled between the substrates
102 and 126, depending on the application. Each of the plu-
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rality of conductive bumps 120 is coupled between one of the
plurality of PPI pads 114 and one of the plurality of contact
pads 128.

In some embodiments, the PPI structure 110 is formed on
a first side 143 of the first substrate 102, and the second
substrate 126 is coupled to the PPI structure 110 on the first
side 143 of the first substrate 102. A third substrate 140 is
coupled to a second side 145 of the first substrate 102, the
second side 145 of the first substrate 102 being opposite the
first side 143 of the first substrate 102, as shown in FIG. 4. At
least one integrated circuit die 150 is coupled to the third
substrate 140. In some embodiments, a plurality of the inte-
grated circuit dies 150 to the third substrate. The integrated
circuit dies 150 may be coupled horizontally across the sur-
face of the third substrate 140. Alternatively, a plurality of the
integrated circuit dies 150 may be coupled vertically over one
another, as shown in phantom (e.g., in dashed lines) at 150".

The third substrate 140 comprises an interposer in some
embodiments. The third substrate 140 comprising the inter-
poser includes one or more RDLs and through-substrate vias
formed thereon, for example. The third substrate 140 is
coupled to the first substrate 102 by a plurality of controlled
collapse chip connection (C4) bumps 142, and the integrated
circuit die or dies 150 are coupled to the third substrate 140 by
a plurality of microbumps 152 in some embodiments. Alter-
natively, the first substrate 102, the second substrate 126, and
the third substrate 140 may comprise other types of sub-
strates, and other types of connections 142 and 152 may be
used to couple together the dies 150 and third substrate 140 or
the first substrate 102 and the third substrate 140, for example.
In some embodiments, the packaged semiconductor device
160 comprises a chip-on-wafer-on-substrate (CoWoS) pack-
age that is coupled to a second substrate 126 comprising a
PCB, for example.

Some embodiments of the present disclosure comprise
methods of designing packaging devices for semiconductor
devices. Referring again to FIG. 1, 2, or 3, the design methods
include providing a first substrate 102 having a PPI structure
110 disposed thereon, the PPI structure 110 including a PPI
pad 114. A width B of a contact pad 128 on a second substrate
126 is determined, the contact pad 128 being coupleable to
the PPI pad 114 on the first substrate 102 by a conductive
bump 120. A thickness h of a molding material 124 to be
disposed over the PPI structure 110 proximate the conductive
bump 120 is determined. When the molding material 124 is
disposed over the PPI structure 110, a top surface of the
molding material 124 is determined to contact the conductive
bump 120 at a height of the conductive bump 120 having a
diameter or width C. The height of the conductive bump 120
having the diameter or width C is slightly greater than thick-
ness h of the molding material 124 in some embodiments. The
height of the conductive bump 120 having the diameter or
width C is slightly greater than thickness h of the molding
material 124 by a few um in some embodiments, for example.
In other embodiments, the height of the conductive bump 120
having the diameter or width C is substantially equal to
dimension h, for example.

The design method includes selecting the width B of the
contact pad 128, adjusting the thickness h of the molding
material 124, or selecting both the width B of the contact pad
128 and adjusting the thickness h of the molding material 124
to achieve a ratio R of the diameter or width C of the conduc-
tive bump to the width B of the contact pad (C:B) of about 1.0
or greater. Advantageously, selecting the width B of the con-
tact pad and/or adjusting the thickness of the molding mate-
rial to achieve the ratio R of about 1.0 or greater reduces an
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amount of stress on the conductive bump 120, improving the
reliability of the packaged semiconductor device 160.

In some embodiments, ratio R comprises about 1.3 or
greater. In other embodiments, ratio R comprises about 1.0 to
about 1.3. In yet other embodiments, ratio R comprises about
1.1 to about 1.2, as another example.

FIG. 5 is a flow chart 170 illustrating a method of manu-
facturing a packaging device in accordance with some
embodiments of the present disclosure. Referring also to FIG.
1, in step 172, a PPI structure 110 including a PPI pad 114 is
formed over a first substrate 102. In step 176, a molding
material 124 is formed over portions of the PPI structure. In
step 178, a conductive bump 120 is coupled between the PPI
pad 114 and a contact pad 128 on a second substrate 126. The
contact pad comprises a width B. A top surface of the molding
material 124 contacts the conductive bump 120 at a height of
the conductive bump 120 comprising a width C. A ratio R of
C:B comprises about 1.0 or greater.

Some embodiments of the present disclosure include meth-
ods of manufacturing packaging devices, and also include
packaging devices manufactured using the methods
described herein. Other embodiments include design meth-
ods for packaging devices, and methods of packaging semi-
conductor devices.

Advantages of some embodiments of the disclosure
include providing novel packaging devices that have
improved reliability, due to the optimized dimensions of vari-
ous elements of the packaging devices. Methodologies for
improving low cost wafer level packaging reliability are dis-
closed by embodiments of the present disclosure.

An under-ball metallization (UBM) structure is not
included in the first substrates 102, which provides a cost
savings. A ratio between the contact pad 128 size and a
conductive bump 120 diameter or width C that is in contact
with the molding material 124 is optimized, which minimizes
strain on the conductive bump 120 and furthermore, reduces
stress on insulating material layers of the first substrate 102,
which may comprise extra low dielectric constant (ELK)
materials having a dielectric constant less than a dielectric
constant of silicon dioxide in some embodiments, for
example. The reduced amount of accumulated strain on the
conductive bumps 120 results in a significant increase in
bump fatigue life in some embodiments, for example. The
accumulated strain on the conductive bumps 120 can be
reduced by about 34% in some embodiments by tuning the
molding material 124 thickness and controlling ratio R to a
value of about 1.0 or greater. Alternatively, the accumulated
strain may be reduced by other amounts.

The packaging devices comprise ultra-low cost wafer level
chip scale package (WLCSP) schemes and manufacturing
processes in some embodiments that provide a reliability
improvement. The novel packaging device structures and
designs are easily implementable in manufacturing process
flows. The manufacturing methods for the packaging devices
can be implemented with no additional cost, and ensure a
robust wafer level packaging scheme.

In accordance with some embodiments of the present dis-
closure, a packaging device includes a first substrate includ-
ing a PPI structure including a PPI pad disposed thereon, and
a second substrate including a contact pad disposed thereon.
A conductive bump is coupled between the PPI pad and the
contact pad. A molding material is disposed over portions of
the PPI structure proximate the conductive bump. A top sur-
face of the molding material contacts the conductive bump at
a height of the conductive bump comprising a width C, and
the contact pad comprises a width B. A ratio R of C:B com-
prises about 1.0 or greater.
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In accordance with other embodiments, a method of manu-
facturing a packaging device includes forming a PPI structure
including a PPI pad over a first substrate. A molding material
is formed over portions of the PPI structure, and a conductive
bump is coupled between the PPI pad and a contact pad on a
second substrate. A top surface of the molding material con-
tacts the conductive bump at a height of the conductive bump
comprising a width C. The contact pad comprises a width B.
A ratio R of C:B comprises about 1.0 or greater.

In accordance with other embodiments, a method of manu-
facturing a packaging device includes forming a first contact
pad over a first substrate, and forming a polymer layer over
the first contact pad and the first substrate. An opening is
formed in the polymer layer over a portion of the first contact
pad, and a PPI structure including a PPI pad and a PPI line is
formed over the polymer layer, a portion of the PPI line being
coupled to the first contact pad. A molding material is formed
over portions of the PPI structure, and a conductive bump is
coupled between the PPI pad and a second contact pad on a
second substrate. A top surface of the molding material con-
tacts the conductive bump at a height of the conductive bump
comprising a width C, and the second contact pad comprises
a width B. A ratio R of C:B comprises about 1.0 or greater.

Although some embodiments of the present disclosure and
their advantages have been described in detail, it should be
understood that various changes, substitutions and alterations
can be made herein without departing from the spirit and
scope ofthe disclosure as defined by the appended claims. For
example, it will be readily understood by those skilled in the
art that many of the features, functions, processes, and mate-
rials described herein may be varied while remaining within
the scope of the present disclosure. Moreover, the scope of the
present application is not intended to be limited to the par-
ticular embodiments of the process, machine, manufacture,
composition of matter, means, methods and steps described in
the specification. As one of ordinary skill in the art will
readily appreciate from the disclosure of the present disclo-
sure, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to
be developed, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present disclosure. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

What is claimed is:

1. A method comprising:

forming a post passivation interconnect (PPI) structure

including a PPI pad over a first substrate, the PPI struc-
ture being on a first side of the first substrate;

forming a molding material over and in physical contact

with a first conductive portion of the PPI structure;

coupling a conductive bump between the PPI pad and a

contact pad on a second substrate, wherein a top surface
of the molding material contacts the conductive bump at
a height of the conductive bump having a width C,
wherein the contact pad has a width B, and wherein a
ratio R of C:B is about 1.0 or greater, wherein the con-
ductive bump is laterally separated from the first con-
ductive portion of the PPI structure, wherein coupling
the conductive bump comprises coupling a solder bump;
coupling a third substrate to a second side of the first
substrate using a plurality of controlled collapse chip
connection (C4) bumps with a different size than the
solder bump, the second side of the first substrate being
opposite the first side of the first substrate; and



US 9,401,308 B2

11

coupling an integrated circuit die to the third substrate
using a plurality of microbumps with a different size
than the C4 bumps and the solder bump.

2. The method according to claim 1, wherein forming the
PPI structure over the first substrate comprises forming a PPI
structure comprising a plurality of the PPI pads, wherein the
second substrate comprises a plurality of the contact pads
disposed thereon, wherein coupling the conductive bump
comprises coupling a plurality of the conductive bumps, and
wherein each of the plurality of the conductive bumps is
coupled between one of the plurality of the PPI pads and one
of the plurality of the contact pads.

3. The method according to claim 1, wherein the second
substrate comprises a printed circuit board (PCB).

4. The method according to claim 1, further comprising
coupling a plurality of the integrated circuit dies to the third
substrate.

5. The method according to claim 1, wherein coupling the
third substrate comprises coupling an interposer to the first
substrate.

6. The method according to claim 1, wherein a top surface
of the molding material distal the conductive bump has a
thickness h, wherein the conductive bump has a stand-off
height H between the contact pad and the PPI pad, and
wherein the thickness h ofthe molding material is greater than
about (Y2*H).

7. The method of claim 6, wherein the thickness h of the
molding material is greater than (35*H).

8. The method of claim 1, wherein the microbumps have a
smaller size than the C4 bumps and the solder bump.

9. The method of claim 1, wherein the ratio R of C:B is
about 1.1 to about 1.2.

10. The method of claim 1, wherein the ratio R of C:B is
about 1.3 or greater.

11. The method of claim 1, wherein the width C of the
conductive bump is a maximum diameter of the conductive
bump.

12. A method of manufacturing a packaging device, the
method comprising:

forming a first contact pad over a first substrate;

forming a polymer layer over the first contact pad and the

first substrate;

forming an opening in the polymer layer over a portion of

the first contact pad;

forming a post passivation interconnect (PPI) structure

including a PPI pad and a PPI line over the polymer
layer, a portion of the PPI line being coupled to the first
contact pad;

forming a molding material over portions of the PPI struc-

ture;
coupling a conductive bump between the PPI pad and a
second contact pad on a second substrate, wherein a top
surface of the molding material contacts the conductive
bump at a height of the conductive bump having a width
C, wherein the second contact pad has a width B, and
wherein a ratio R of C:B is about 1.0 or greater;

coupling a third substrate to a first side of the first substrate,
the PPI being on a second side of the first substrate, the
second side of the first substrate being opposite the first
side of the first substrate; and

coupling a plurality of integrated circuit dies to the third

substrate, wherein coupling the conductive bump com-
prises coupling a solder bump, wherein coupling the
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third substrate comprises coupling the third substrate to
the first substrate using a plurality of controlled collapse
chip connection (C4) bumps with a different size than
the solder bump and wherein coupling the plurality of
the integrated circuit dies comprises coupling the plu-
rality of the integrated circuit dies to the third substrate
using a plurality of microbumps, wherein the
microbumps have a smaller size than the C4 bumps and
the solder bump.

13. The method according to claim 12, further comprising
forming a passivation layer over the first contact pad and the
first substrate, before forming the polymer layer, and forming
an opening in the passivation layer over a portion of the first
contact pad.

14. The method according to claim 12, wherein the ratio R
of C:B is about 1.1 to about 1.2.

15. The method of claim 12, wherein the second substrate
comprises a printed circuit board (PCB).

16. A method comprising:

forming a first contact pad on a first side of a first substrate;

forming a post passivation interconnect (PPI) structure

including a PPI pad over the first contact pad and the first
substrate, a portion of the PPI structure being coupled to
the first contact pad;
forming a conductive bump on the PPI pad;
encapsulating the first substrate with a molding material
over portions of the PPI structure and surrounding at
least a lower portion of the conductive bump, wherein a
top surface of the molding material contacts the conduc-
tive bump at a first height of the conductive bump having
a width C, wherein the top surface of the molding mate-
rial distal the conductive bump has a thickness h, the
thickness h being less than the first height;
coupling the first substrate to a second substrate using the
conductive bump, the conductive bump being coupled
between the PPI pad and a second contact pad disposed
on the second substrate, wherein the second contact pad
has a width B, and wherein a ratio R of C:B is about 1.0
or greater, wherein the conductive bump has a stand-off
height H between the second contact pad and the PPI
pad, and wherein the thickness h of the molding material
is greater than (Y5*H);
coupling a third substrate to a second side of the first
substrate using a plurality of controlled collapse chip
connection (C4) bumps with a different size than the
conductive bump, the second side of the first substrate
being opposite the first side of the first substrate; and

coupling an integrated circuit die to the third substrate
using a plurality of microbumps with a different size
than the C4 bumps and the conductive bump.

17. The method according to claim 16, wherein the width C
of the conductive bump is a maximum diameter of the con-
ductive bump.

18. The method according to claim 17, wherein the ratio R
of C:B is about 1.3 or greater.

19. The method according to claim 16, wherein the thick-
ness h of the molding material is measured from a top surface
of the PPI structure and wherein the molding material com-
prises a single material throughout the molding material.

20. The method of claim 16, wherein the microbumps have
a smaller size than the C4 bumps and the conductive bump.
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